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BACKGROUND OF THE INVENTION 
[0004] The conjugation of the hydrophilic polymers, such as polyethylene glycol), 
abbreviated PEG, also known as polyethylene oxide), abbreviated PEO, to molecule's and 
surfaces is of considerable utility in biotechnology and medicine. In its most common form, 
PEG is a linear polymer terminated at each end with hydroxyl groups: 

HO-CH 2 CH 2 0-(CH 2 CH 2 0) n -CH 2 CH 2 -OH 
where n typically ranges from about 3 to about 4000. 

[000SJ PEG species with a different group at each of the two termini are particularly useful 
compounds. For example, heterobifunctional PEGs are of use as cross-linking agents. 
Moreover, PEG molecules that are "capped" at one terminus, e.g., an alkyl group, such as 
methoxy allow the hydroxyl terminus of the molecule to be converted into any one of a large 
number of reactive organic functional groups. 

[0006] Random or block copolymers of ethylene oxide and propylene oxide, shown below, 
are closely related to PEG in their chemistry, and they can be substituted for PEG in many of 
its applications. 



HO-CH 2 CHRO(CH 2 CHRO) n CH 2 CHR-OH 
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in which each R is independently H or CH 3 . 

10007] Polyethylene glycol) ("PEG") is an exemplary polymer that has been 
conjugated to peptides. The use of PEG to derivatize peptide therapeutics has been 
demonstrated to reduce the immunogenicity of the peptides and prolong the clearance time 
from the circulation. For example, U.S. Pat. No. 4,179,337 (Davis et al.) concerns non- 
immunogenic peptides, such as enzymes and peptide hormones coupled to polyethylene 
glycol (PEG) or polypropylene glycol. Between 10 and 1 00 moles of polymer are used per 

mole Tifintirle tmA at loort 1 CO/ L i , 

r -, - » '» «ic puywoiogicat activity is maintained. 

[0008] WO 93/1 51 89 (Veronese et al.) concerns a method to maintain the activity of 
polyethylene glycol-modified proteolytic enzymes by Unking the proteolytic enzyme to a 
macromolecularized inhibitor. The conjugates are intended for medical applications. 

10009] The principal mode of attachment of PEG, and its derivatives, to peptides is a 
non-specific bonding through a peptide amino acid residue. For example, U.S. Patent No. 
4,088,538 discloses an enzymatically active polymer-enzyme conjugate of an enzyme 
covalently bound to PEG. Similarly, U.S. Patent No. 4,496,689 discloses a covalently 
attached complex of a-1 protease inhibitor with a polymer such as PEG or 
methoxypoly(ethylene glycol) ("mPEG")- Abuchowski et al. (J. Biol. Chem. 252: 3578 
(1977) discloses the covalent attachment of mPEG to an amine group of bovine serum 
albumin. U.S. Patent No. 4,414, 147 discloses a method ofrendering interferon less 
hydrophobic by conjugating it to an anhydride of a dicarboxylic acid, such as polyethylene 
succinic anhydride). PCT WO 87/00056 discloses conjugation of PEG and 
poly(oxyethylated) polyols to such proteins as interferon-P, interleukin-2 and immunotoxins. 
EP 154,316 discloses and claims chemically modified lymphokines, such as IL-2 containing 
PEG bonded directly to at least one primary amino group of the lymphokine. U.S. Patent No. 
4,055,635 discloses pharmaceutical compositions of a water-soluble complex of a proteolytic 
enzyme linked covalently to a polymeric substance such as a polysaccharide. 

[0010] Another mode of attaching PEG to peptides is through the non-specific 
oxidation of glycosyl residues on a peptide. The oxidized sugar is utilized as a locus for 
attaching a PEG moiety to the peptide. For example M'Timkulu (WO 94/05332) discloses 
the use of a hydrazine- or amino-PEG to add PEG to a glycoprotein. The glycosyl moieties 
are randomly oxidized to the corresponding aldehydes, which are subsequently coupled to the 
amino-PEG. 
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100111 * ° f * e methods desc ri"ed above, polyethylene glycol) is added in a 
random, non-specific manner to reactive residues on a peptide backbone. For the production 
of therapeutic peptides, it is clearly desirable to utilize a derivation strategy that results in 
the formation of a specifically labeled, readily characterizable, essentially homogeneous 
product. 

[0012] Methods of conjugating water-soluble polymers to peptides and other species 
would benefit from the availability of polymer derivatives that are functioned to allow for 
then- controlled addition to a selected moiety. Furthermore, water-soluble nolv™,* th- ™ 
of a defined or controllable molecular size permit the molecular size of the ultimate conjugate 
to be engineered. To accomplish these and other goals, new routes to activated water-soluble 
polymers are desirable. The present invention provides such a route. 
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BRIEF SUMMARY OF THE INVENTION 
[0013J The present invention provides a method for the step-wise assembly of activated 
water-soluble polymers, particularly polyethylene glycol) and its structural analogues. The 
method provides easy access to both mono- and bi-fonctionalized PEG molecules. 

[0014] Thus, in an exemplary embodiment, the invention provides a method of preparing a 
derivative of polyethylene glycol). The method is outlined in Scheme h 

n+m 

a. R-Y / (acid or base); b. Activation, e.g„ tosylation, halo-de- 
hydroxylation, e.g. HX or SOX 2 and reaction with PEG m - c 
Activation (R-), e.g., withp-nitro-phenylchloroformate. ' 
in which the indexes m and n independently represent integers from 1 to 1 00,000. 
[0015] In step a, the starting glycol is contacted with an activated group (R-Y) that reacts 
with a hydroxyl moiety of the glycol. Y is generally a leaving group, allowing placement of 
R on one of the hydroxyl moieties of the PEG molecule. In step b, the free hydroxyl of the 
resulting adduct is activated by its conversion to a group such as a sulfonate ester. The 
activated PEG species is contacted with another PEG moiety of the same or different degree 
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of polymerization as the starting PEG ("PEG m "). To allow its attachment to another species, 
the RO-PEG (n+m) is optionally activated at the free hydroxyl moiety. 
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DETAILED DESCRIPTION OF THE INVENTION 
5 [0016] ***Ponsetome„eedforim P ^ 

polymers, such as polyethylene glycol), the present invention provides methods for the 
chermcal activation and elongation of the polymer backbone. The mono- activated PEG 
molecules are of use to conjugate PEG to a wide variety of species, e.g, targeting moieties, 
therapeutic moieties, anti-tumor drugs, cytotoxic, radioactive agents, amino acids, 
10 saccharides and the like. 

DEFINITIONS 

rOOlTJ The term "water-soluble" refers to moieties that have some detectable degree of 
solubility in water. Methods to detect and/or quantify water solubility are well known in the 
art. Exemplary water-soluble polymers include peptides, saccharides, poly(ethers) 
poly(amines), poly(carboxylic acids) and the like. An exemplary poly(ether) is polyethylene 
glycol). Polyethylene imine) is an exemplary polyamine, and poly(acrylic) acid is a 
representative poly(carboxylic acid) 

[0018J The term "targeting moiety," as used herein, refers to species that will selectively 
localize in a particular tissue or region of the body. The localization is mediated by specific 
recognition of molecular determinants, molecular size of the targeting agent or conjugate 
iomc mteractions, hydrophobic interactions and the like. Other mechanisms of targeting an 
agent to a particular tissue or region are known to those of skill in the art. Exemplary 
targeting moieties include antibodies, antibody fragments, transferrin, HS-glycoprotein 
coagulatum factors, serum proteins, ^glycoprotein, G-CSF, GM-CSF, M-CSF, EPO and the 
25 like. 

[0019J As used herein, "therapeutic moiety" means any agent useful for therapy including, 
but not hmited to, antibiotics, anti-inflammatory agents, anti-tumor drugs, cytotoxic, and 
radmactive agents. "Therapeutic moiety" includes prodrugs of bioactive agents, constructs in 
wmch more than one therapeutic moiety is bound to a carrier, e.g, multivalent agents. 
30 Therapeutic moiety also includes proteins and constructs that include proteins. Exemplary 
protems include, but are not limited to, Erythropoietin (EPO), Granulocyte Colony 
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Stimulating Factor (GCSF), Granulocyte Macrophage Colony Stimulating Factor (GMCSF), 
Interferon (e.g., Merferon-cc, -fc -y), foterleukin (e.g., Interleukin II), serum proteins (e.g., 
Factors VII. Vila, Vm, DC, and X), Human Chorionic Gonadotropin (HCG), Follicle 
Stimulating Hormone (FSH) and Lutenizing Hormone (LH) and antibody fusion proteins 
(e.g. Tumor Necrosis Factor Receptor ((TNFR)/Fc domain fusion protein)). 

[0020] As used herein, "anti-tumor drug" means any agent useful to combat cancer 
including, but not limited to, cytotoxic and agents such as antimetabolites, alkylating agents, 
anthracyclines, antibiotics, antimitotic agents, procarbazine, hydroxyurea, asparaginase 
corticosteroids, interferons and radioactive agents. Also encompassed within the scope of the 
term "anti-tumor drug," are conjugates of peptides with anti-tumor activity, e.g. TNF-a 
Conjugates include, but are not limited to those formed between a therapeutic protein and a 
glycoprotein of the invention. A representative conjugate is that formed between PSGL-1 



and TNF-a. 



[0021] As used herein, "a cytotoxin or cytotoxic agent" means any agent that is detrimental 
to cells. Examples include taxol, cytochalasin B, gramicidin D,^thidium bromide, emetine, 
mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin, 
daunorubicin, dihydroxy anthracinedione, mitoxantrone, mithramycin, actinomycin D 1- 
dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and' 
puromycin and analogs or homologs thereof. Other toxins include, for example, ricing, CC- 
1065 and analogues, the duocarmycins. Still other toxins include diptheria toxin, and snake ■ 
venom (e.g., cobra venom). 

[0022] As used herein, "a radioactive agent" includes any radioisotope that is effective in 
diagnosing or destroying a tumor. Examples include, but are not limited to, indium-1 1 1 
cobalt-60. Additionally, naturally occurring radioactive elements such as uranium, radium 
25 and thorium, which typically represent mixtures of radioisotopes, are suitable examples of a 
radioactive agent. The metal ions are typically chelated with an organic chelating moiety. 
[0023] Many useful chelating groups, crown ethers, cryptands and the like are known in the 
art and can be incorporated into the compounds of the invention (e.g EDTA, DTP A, DOTA, 
NTA, HDTA, etc. and their phosphonate analogs such as DTPP, EDTP, HDTP, NTP etc) 
See, for example, Pitt et al. "The Design of Chelating Agents for the Treatment of Iron 
Overload," In, Inorganic Chemistry in Biology and Medicine; Marten, Ed.; American 
Chemical Society, Washington, D.C., 1980, pp. 279-312; Lindoy, The Chemktoy of 
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Macrocytic Ligand Complexes; Cambridge University Press, Cambridge, 1989; Dugas, 
Bioorganic Chemistry; Springer-Verlag, New York, 1989, and references contained 
therein. 



[0024] As used herein, the term "leaving group" refers to a portion of a substrate that is 
cleaved from the substrate in a reaction. Leaving groups are generally recognized in the art 
of synthetic organic chemistry. 

[0025] "Protecting group," as used herein refers to a portion of a substrate that is 
substantially stable under a particular reaction condition, but which is cleaved from the 
substrate under a different reaction condition. A protecting group can also be selected such 
that it participates in the direct oxidation of the aromatic ring component of the compounds of 
the invention. For examples of useful protecting groups, see, for example, Greene et al., 
Protective Groups in Organic Synthesis, John Wiley & Sons, New York, 1991. 

[0026] Where substituent groups are specified by their conventional chemical formulae, 
written from left to right, they equally encompass the chemically identical substituents which 
would result from writing the structure from right to left, e.g., -CH 2 0- is intended to also 
recite -OCH 2 -; -NHS(0) 2 - is also intended to represent. -S(0) 2 HN-, etc. 

[0027] The term "alkyl," by itself or as part of another substituent, means, unless otherwise 
stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination thereof, 
which may be folly saturated, mono- or polyunsaturated and can include di- and multivalent 
radicals, having the number of carbon atoms designated (Le. C,-C,o means one to ten 
carbons). Examples of saturated hydrocarbon radicals include, but are not limited to, groups 
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl, 
(cyclohexyl)methyl, cyclopropylmethyl, homologs and isomers of, for example, n-pentyl, n- 
hexyl, n-heptyl, n-octyl, and the like. An unsaturated alkyl group is one having one or more 
double bonds or triple bonds. Examples of unsaturated alkyl groups include, but are not 
limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(l,4- 
pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers. 
The term "alkyl," unless otherwise noted, is also meant to include those derivatives of alkyl 
defined in more detail below, such as "heteroalkyl." Alkyl groups, which are limited to 
hydrocarbon groups are termed "homoalkyl". 

[0028] The term "alkylene" by itself or as part of another substituent means a divalent 
radical derived from an alkane, as exemplified, but not limited, by-CH 2 CH 2 CH 2 CH 2 -, and 
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*«hcr inc.udes .hosc w dKcribed Mow ^ ^ 

~» — «* > * « a, oms , ^ Le i-^ZSTo «i 
carbon atoms beins Dreferrerf in B™ups naving 10 or fewer 

alkyl alkylene group, generally having eight or fewer carbon atoms 

5 [0029] The terms "alkoxy," "alkylamino" and "alkylthio" for thinaiv * 

conventional sense, and refer to thru: iu. t^oalkoxy) are used in their 

nse, and refer to those alkyl groups attached to the remainder of th* ™i , 

[0030] The term "heteroalkyl," by itself or in « 0 mbin- - 

and sulfur atoms may optional hen v,- Si Wherem fte ^gen 

to hctcroaJky! g™ or „ J i v „ " ** 0- * "» toteriOT *»*» «* 

«n also occupy cither or both of* T "«^lene groups, ha,e ro a toms 

linking groups, no orianialion „f «T r « ' a " C> " ene ^ "«»™<Mcnc 

5 group is wntten. For example, the formula ~rm\ r> . 
-C(0) 2 R'- and -R*C(0) 2 -. ronnuia -C(0) 2 R'- represents both 

the con.pou.da of tte present invention . * ^ '° *° l ™°«>> ™*>» of 

10032] Tietcmis"cycloalkyl»and»heterocvcloalkvl» h„». 
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heto0aIkyl " Additionauy, for hete^ycfcafcy,, , heteroat „ m can 0CCBpy „ 

pcsmon a. which toe heterocycle is attached to toe remainder of me molecttle . ^ " Qf 
cycloalkyl include, bu, are no, limits to. cyclop cyclohexy., J-cydohexenyl 3- 
cyclohexenyi, cycloheptyl, and .he like. Examples of heterecydoalky. inch.de, bu, are no, 
luntted,o, , ^Ao.o-tehnhydrepyridy.), 1-pipendinyl, 2-piperidtoy., 3-piperidinyL 4- 
mo,hohny,, 3-mo,holinyi, tetahydrofuran-2-y!, tetmhydrefuran-S-y!, tetnmydro.hien-2-y! 
tetntoydrethten-3-yl, 1 -piperezinyl, 2-piperazinyl, and the like. 
[0033] The terms "halo" nr * 

"jrmcmselves or as part ot another substituent 

mean, unless omenta stated, a fluorine, chlorine, bromine, or iodine atom. Additionally 

.ennsauchaa-Woalkyl-aren.ean.toincludemonohaloalMandpo.yhaloalkyI For 
example, the term •■halo(C,^)alkyl" fa mean, to include, bn, no, be limited to 
muuoromethyl, 2,2,2-Mfluoroethy.. 4-chlorebutyl, 3-bromopropyJ, and me like. 
10034] The term "ary!" means, unless otoenvise ^ „ po lyunsatlIratedi „, 
hydrocarbon substituen, which can be a single ring or mulnpie ring, (preferably ftcm 1 to 3 
nnga) winch are fused togemeror unked covaIen«ly. The tern, "heteroaryl" refers to aryl 
g>»«ps (or rings) ma, contain ftom one to four heteroatoms selected from N O and S 
wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen' atomfs) are 
opttonaUy ouaternized. A hetereary, group can be a«ached to me remainder of th= to olec„>e 
^ghahereroatom. NWtai^^^^^ ^ 

1- naphthyt, 2-naphmyh 4-biphenyt 1-pyrrelyl, 2 . pJTroly , ^ 3 _ p 2 . 
mndazolyl, 4-imidazo.y., pyraziny!, 2-oxazoIyl, 4^xazolyl, 2-pheny 1 -4^xazo 1 y l , 5-oxazo.y. 
S-t^azoly, ,4-isoxazoly., 5-isoxazdy., inriazCyl, 4-thiazoly!, S-Unazoly!, 2-fury., 3-ftryi, 

2- fluenyl, 3-toienyl, 2-pyridyl, 3-pyridyl, 4-pyridy!, 2-pyrimidyl, 4-pyrimidyl, 5- 
benznunazolyl,puriny.,2-benzimidazolyl,5-indolyl, l-faoquinolyl, S-isoqninolyl 2- 
qumoxanny!, 5-outnoxalinyl, 3-ouino.y., and o-,uino lyL Substituents for each of'me above 
noted aryland hetereary. ring systems are se.ec.ed torn the group of accep,ab.e snbsrituems 
described below. 

(0035) For brevhy, the tenn "a^- when used in combination with other tenns (e z . 
sryloxy, arylmioxy, arylalkyl) todudes both aryl and heteroaryl rings as denned above. 
Thu* toe tenn ••ary.stty." fa mean, to inctode those radicals in which an ary! group fa 
attach* I ,o an afty! group (, g „ benzy., phenethy!, pyridyhnefhy. and «he like) including 
these ahcyl gmups in which a carton atom (*.g.. a metoylene greup) has been rep!aced by. for 
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example, an oxygen atom (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(l- 
naphthyloxy)propyl, and the like). 

10036] Each of the above terms (e.g., "alkyV "heteroalkyl ," "aryl" and "heteroaryl") 
mclude both substituted and unsubstituted forms of the indicated radical. Preferred 
substituents for each type of radical are provided below. 

[0037] Substituents for the alkyl, and heteroalkyl radicals (including those groups often 
referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl 
heterocycloalkyi, cycioalkenyl, and heterocycloalkenyl) are generally referred to as "alkyl 
substituents" and "heteroalkyl substituents," respectively, and they can be one or more ofa 
vanety of groups selected from, but not limited to: -hydrogen, -OR', =0, =NR"" = N -OR' 
NR'R", -SR, -halogen, -SiR , R"R"', -OC(0)R, -C(0)R, -C0 2 R, -CONR'R" 
OC(0)NR'R», -NRC(0)R», -NR"'-C(0)NRR» -NRC(0) 2 R» -NR"'-C(NR 'R0=NR»» 
-NR-'-COJR'R^NR^ _ S(0) R>, . S (0) 2 R', -S^NRR", -NRSO.R", -NR'»S0 2 NRR" - 
CN, -R' and -NO. in a number ranging from zero to (2m' + l), where m* is the total number 
of carbon atoms in such radical. R>, R» R"' each preferably independently refer to 
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl 
subshtuted or unsubstituted aryl, aryl substituted ^ M ^ 
unsubstituted alkyl, alkoxy or thioalkoxy groups), substituted or unsubstituted heteroaryl and 
substituted or unsubstituted arylalkyl. R"" refers to hydrogen, alkyl, substituted or 
unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted 
heteroaryl, substituted or unsubstituted arylalkyl, -CN, -N0 2 and -S(0) 2 R When a 
compound of the invention includes more than one R group, for example, each of the R 
groups is independently selected as are each R\ R", R>» and R»» groups when more than one 
of these groups is present. When R' and R" are attached to the same nitrogen atom, they can 
be combined with the nitrogen atom to form a 5-, 6-, or 7-membered ring. For example - 
NR'R" is meant to include, but not be limited to, 1-pyrrolidinyl, l-pi P eridinyl, 1-piperazinyl 
and 4-morpholinyl. From the above discussion of substituents, one of skill in the art will 
understand that the term "alkyl" is meant to include groups including carbon atoms bound to 
groups other than hydrogen groups, such as haloalkyl -CF 3 and -CH 2 CF 3 ) and acyl 
(e.g., -C(0)CH 3 , -C(0)CF 3 , -C(0)CH 2 OCH 3 , and the like). 

[0038] Similar to the substituents described for the alkyl radical, the aryl substituents and 
heteroaryl substituents are generally referred to as "aryl substituents" and "heteroaryl 
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substituents," respectively and are varied and selected from, for example: hydrogen, -OR> - 
C=NR"*NR>R» -NR-SWR-R" , -NR'R", -SR', -halogen, -SiR'R»R", -OC(0)R* - 
C(0)R>, -C0 2 R' f -CONR'R", -OC(0)NR'R", -NR»C(0)R', -NR'"-C(0)NR>R» - 
NR»C(0) 2 R>, -NR--C(NR'R» >N R»", -S(0)R% -8(0)*', -SCOfeNR'R", -NR»S0 2 R' -CN 
and -N0 2 , -R', -N3, -CH(Ph) 2 , fluoroCC-C^alkoxy, and fluoro(C,-C 4 )alkyl, in a number 
ranging from zero to the total number of open valences on the aromatic ring system- and 
where R', R» and R*» each preferably independently refer to hydrogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted arvl 
(«*. aryl substituted with 1-3 halogens, substituted or unsubstituted alkyl, alkoxy or 
thioalkoxy groups), substituted or unsubstituted heteroaryl and substituted or unsubstituted 
arylalkyl. R"» refers to hydrogen, alkyl, substituted or unsubstituted heteroalkyl, substituted 
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted 
arylalkyl, -CN, -NG 2 and -S(0) 2 R'. When a compound of the invention includes more than 
one R group, for example, each of the R groups is independently selected as are each R', R», 
15 R'» and R"» groups when more than one of these groups is present. When R' and R» are 

attached to the same nitrogen atom, they can be combined with the nitrogen atom to form a 5- 
, 6-, or 7-membered ring. For example, -NR'R" is mean t to include, but not be limited to, 1- 
pyrrolidmyl, 1-piperidinyl, 1-piperazinyl and 4-morpholinyl. 

[0039J Two of the aryl substituents on adjacent atoms of the aryl or heteroaryl ring may 
3 optionally be replaced with a substituent of the formula -T-C(OMCRR' V U-, wherein T and 
U are independently -NR., -O-, -CRR'- or a single bond, and q is an integer of from 0 to 3 
Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may 
optionally be replaced with a substituent of the formula -A-(CH 2 ) r B-, wherein A and B are 
independently -CRR S -O-, -NR-, -S-, -S(0)-, -S(0) 2 , -S(0) 2 NR'. or a single bond, and r is 
an mteger of from 1 to 4. One of the single bonds of the new ring so formed may optionally 
be replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of 
the aryl or heteroaryl ring may optionally be replaced with a substituent of the formula - 
(CRR') S -X-(CR"R»>, where s and d are independently integers of from 0 to 3, and X is -O- 
, -NR\ -S-, -S(0>, -S(0) 2 -, or -S(0) 2 NR'-. The substituents R, R', R» and R>» are 
preferably independently selected from hydrogen or substituted or unsubstituted (C.-C^alkyl. 

[0040] As used herein, the term "heteroatom" includes oxygen (O), nitrogen (N), sulmr (S) 
and silicon (Si). 
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10041, to a flrs, fce tavention pK>vides a 

poWrthjtoe glycol). The method is outlined in Scheme I: envattveof 

«0^f°^OH RO— f^-)^ 

■ l k " 

Activation (R% e.g.. with p-m^pheoSoSSe ' 
m which the i^es m and n independently represent integers from 1 to 100,000 R is a 
memher se ected iron, substituted or unsubstituted afcyL substituted or ^substituted 
l^eroalM, substituted or unsubstituted ar* examine, protected alky.amine, or an 
10 activating group, e.g., Inflate, tosylate and the like. 

10042, R. is se.ec.eri from suhsdtuted or ^substituted alkyl, substituted or ^substituted 
heteroaUcy,, substituted or unsubstituted ary,, substituted or unsubstitttteri he.en,c» 
and subsbteteoorunsubsdmtedheteroaryl. When R does not include a leaving gl^ 

U ~ gtoCT ^^ W ^ i ' is ~^^,y i s,ori„c,„de:™ 

10043, manexemplaryembodim«, t R i s l „weraM,suchasmeftyl. Inanother 
exemp,ary embodiment R' is substitute,, alky,, such a p-niteopheny, ohteroformate. 

r^'blTT " SaitiDS " ** " "*~ *™P CR-Y) dta, reacts 

*on^l ^ Yi8 »"-ving group, aUowingptacementof 

1 1 " y ° f PE ° *«P b, the free hydroxy, of me 

esulnng atMuc, is activated by its aversion to a g^psach as a hahde, e.g chlolo 

° f — " **- of polymerization as the starts PEG ("PEG„") To 

allow its attachment to another species the RO • .• ., 

25 hydroxyl moiety. R °- p KV«> -a optionally activated a, the flee 

n £-7 R t * ateched ,o - peg -*» * * •»-*■ - • 

^ ^ M ~"« l ^ P**"*"™ glycol) fluents are linked 
together tiuough me use of .active Amotions, groups, wiich Me „ ^ 
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Utat process to a new organie ^ „ ^ 

[0046] Reactive groups and classes of reactions useful in practicing th. 

*•«■ of reactions avaiIaWe ^ * ndy 

^r-^-"--"- These te c tade>butarenotlimite(i r 
eteotrophuie substitntions (a g., enatnine reaetions) and additions to carbo ' K " 

SM Die ^ - « «. Moot™™ o, 
W^:~ — r^eanO^Socfe,, 

W and varies denvadves thereof including, but not ^ to 

^rr*^ aeid hahd^ any, 

-dazoies, .tacesto, p-^op,,^, ^ ^ 

aromatic esters; 

0» hydroxyl whioh ^ be _ ^ ^ ^ ^ ^ 

(c) haioaUcy, groups, wherein halide cm be ^ wi(h a 

S™P such aa, for exan, pl e, a,, amine, a carboxylate anion, thiol anion 

TT' " ? " ^ ^ fa *» of a 

new group al the ftnetional ^up of the halogen atom; 

(d) dienophne groups, which MpabIe „ f ^ ^ ^ 

such as, for example, maleimido groups; 

(e) a,dehyde „r Ketone groups, snch that subsequent derivafcanon is possibte via 

ibrmatton of carbony. derivatives such as, for examp.e, hnines, hydrazones, 
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(0 alkenes, which can undergo for e* am „i ■ , 

addition, «c ;and ^ ^""additiona, Ration. Michae, 

>5 reaction eondidons. For exam^Zf « "'^ "** * ol "« <* 

™ Wiley & Sons, New York, 1991. 

0 invention, fe, Abnchowsid « J Con" n " ^ ^ meth0d ° f 

— .--.^ o^S£E5E£ I75 "T 984,; 

^y-ate (Niisaon ^ ^^"^ «™> 
CW*,, „, 43.CM3.5 (Wft "^ 1491 (198 ^ «—»««. 
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141 . 132 (1985))i imidazoly , 
^wogmren et al.,Bioconjugate Chem 4- a naaiw • 

J °T S inc,ude tte ,inka8e — »— - 

aOvatedPEG. See, Veronese, e , al., A PP l B,oc hem . BiCecHnol., 11: „,.,„ (19SJ) 

I. is nndera,ood 4a, ^ exenrple, and embodimellte 
usonu . ptoses only and fc, various modiflcations „ 

ZST to T" Skilled fa « ^ - to - J. ano p^of *i s 

apphcanon and are considered within the scope of the appended clahns. 

W051J All publications, patents, and paten, applications cited h^ein a« hereby 
nKorporated by reference in (heir entire* for all puIp0S ea. 
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WHAT IS CLAIMED IS: 



1 . A method of preparing a poly(ethylene glycol) derivative having the 



R is a member selected from substituted or unsubstituted alkyl and substituted 

or unsubstituted heteroaikyi; 
R 1 is a member selected from substituted or unsubstituted alkyl, substituted or 

unsubstituted heteroaikyi, substituted or unsubstituted aryl, substituted 

or unsubstituted heteroaryl and substituted or unsubstituted 

heterocycloalkyl; and 
m and n are integers independently selected from 1 to 100,000, 
the method comprising: 

(a) contacting a poly(ethylene glycol) having the formula: 



with a reactive group having the formula R-Y under conditions appropriate to 
form a poly(ethylene glycol) having the formula: 



(b) contacting the product from step (a) with an activating agent, thereby 

converting the OH moiety to a leaving group and contacting the adduct 
with the leaving group with a poly(ethylene glycol) having the 
formula: 



formula 




in which 






m 



thereby forming a poly(ethylene glycol) having the formula: 




n+m 



i 



2. The method according to claim 1 , further comprising: 

(c) contacting the product of step (b) with an activating agent, thereby 
converting the OH moiety to a leaving group. 

3. The method according to claim 1 wherein said activating agent is 
toluenesulfonyl chloride. 

4. The method according to claim 2 wherein said activating agent is p 
nitrophenyl chloroformate 



i 

16 



PATENT 

Attorney Docket No.: 0 19957-01 8600US 

FUNCTIONALIZED POLYETHYLENE GLYCOL) 

ABSTRACT OF THE DISCLOSURE 
The present invention provides a novel method of preparing polyethylene 
glycol) derivatives of defined molecular size and structure. 

60054331 vl 
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